The role of the adrenal cortex in the maintenance of homeostasis has been reviewed extensively by Sayers (1) . It is evident from the experimental data published, as well as from observations on patients with adrenal insufficiency, that the adrenal cortex is necessary for the maintenance of life when untoward conditions are present in the environment. Such conditions have been referred to as "stresses" by Selye (2) and many others. "Stress," however, is such a nonspecific term that its use may lead to confusion. It has become apparent from studies in our laboratory that various noxious agents may have different effects on the circulating levels of 17-hydroxycorticosteroids. Consequently, the concept that all types of "stress" have a similar effect on adrenal secretion and adrenal steroid metabolism does not seem to be justified.
However, in a variety of such "stressful" circumstances (exposure to cold, trauma, histamine, etc.) in animals it has been demonstrated that a stereotyped series of events ensues which has been presumed to result from stimulation of the adrenal cortex by adrenocorticotrophic hormone (ACTH) (1, 3) . In the adrenal cortex itself the changes have included depletion of ascorbic acid and cholesterol and increase in the weight of the gland. All of these are characteristic effects of ACTH 1 Some of these data were presented at the Annual Meeting of the Society for Clinical Investigation, Atlantic City, New Jersey, May 5, 1953. 2This investigation was supported in part by research grants from the National Institutes of Health, U. S.
Public Health Service and from Armour and Co. and in part by a contract (DA49-007 between the University of Utah and the Department of the Army. 8 It has also been demonstrated that certain metabolic changes which are similar to the effects which follow the administration of adrenocortical steroids are observable in both man and animals after trauma. A number of studies have shown, however, that although the presence of adrenal hormone is essential for the intensification of the adrenal-controlled metabolic processes following trauma, similar responses are produced in adrenalectomized animals maintained on constant doses of adrenal cortical extract, cortisone or hydrocortisone, where there can be no question of increased adrenal hormone secretion (4-6). Epinephrine, which Cannon (7) demonstrated long ago to be regularly increased after "stress" and trauma, appears not to produce a rise in plasma 17-hydroxycorticosteroid levels in the human but requires the presence of small amounts of adrenal cortical hormone for its adrenal-like metabolic effects to become manifest (8, 9) .
These findings suggested that it might be important to evaluate the effect of the trauma of surgical operations on plasma levels of adrenal steroids and on their secretion. It has been demonstrated that the metabolic effects of surgery simulate in certain respects the effects of the administration of adrenal steroids (10, 11) .
Sayers and Sayers (12) have presented evidence to support the hypothesis that the apparent stimulation of the adrenal cortex by "stress" might be the result of a compensatory response of the hypophysis to the utilization of circulating steroid by the "stressed" tissue. In this case one would expect that the 17- I Adrenal cortical capacity was tested by the intravenous infusion of maximally stimulating amounts of ACTH over a 6-hour period (13) . Venous blood samples were drawn for determination of plasma 17-hydroxycorticosteroid levels before and at 2, 4, and 6 hours after the infusion was started.
The ability to remove excess hydrocorticosterone was determined by the infusion of 50 mg. of hydrocortisone (free alcohol) in saline solution containing a small amount of ethanol (16) .
RESULTS
Plasma 17-hydroxycorticosteroid levels in normal subjects and the diurnal variations of these levels During the progress of these experiments plasma 17-hydroxycorticosteroids were determined in 84 non-surgical subjects. The average 8 A.M. level was 13 pg per 100 ml. of plasma with a total range of 3 to 22 jug per 100 ml. of plasma. The average curve of diurnal variation in normal individuals from this series is shown in Figure 1 . It will be observed that the level is high in the morning (8 A.M.) with a gradual decline during the day, as previously described (17) .
Changes in plasma 17-hydroxycorticosteroids following anesthesia It will be noted in Table I that none of the 12 patients in whom 17-hydroxycorticosteoid levels were measured at 8 A.M. before the induction of anesthesia showed a plasma 17-hydroxycorticosteroid level above the normal upper limit of 22 ug per 100 ml. of plasma. The average is the same (13 pg per 100 ml.) as that observed in a larger series of normal controls (17) . Thus, neither the apprehension of the approaching surgical procedure nor the underlying clinical conditions had a significant effect on the plasma levels of 17-hydroxycorticosteroids. Following the induction of anesthesia the levels of 17-hydroxycorticosteroids rose to an average of 19 Mg per 100 ml. of plasma.
Although the number of cases is small, it was interesting to note that the induction of general anesthesia (pentothal, cyclopropane, ether) was associated with an increase in the plasma 17-hydroxycorticosteroid levels in seven out of eight cases but that after induction of spinal anesthesia only one patient showed a higher level. Since this last value was higher than that found two We have no explanation for the lack of rise in his circulating steroids during surgery.
In the other patients there was a rise in the plasma 17-hydroxycorticosteroids during their operative procedures. There was a general tendency for the magnitude of the increase to be directly related to the duration of the procedure and its severity.
Changes in plasma levels of 17-hydroxycorticosteroids following operative procedures The 17-hydroxycorticosteroid levels immediately following 33 operations and at two hourly intervals thereafter are shown in Table II values during the period studied. The rise in 17-hydroxycorticosteroid levels both during and after operations lasting more than two hours was more striking. The details of the operative procedures in a few of these patients may help to throw light on the significance of the steroid rises. One patient (No. 26) was a 68-year-old white female with auricular fibrillation and severe hemorrhage from a peptic ulcer. The patient had slight persistent bleeding from the ulcer at the time of surgery. On the first occasion, after she had been anesthesized with pentothal and nitrous oxide, -her blood pressure fell moderately, immediately following superficial incision. The latter was closed and the patient was returned to the ward where she recovered uneventfully. The 17-hydroxycorticosteroids showed little change following the closure of the incision (lower curve in Figure 3 ). Without additional blood transfusion or other specific therapy the patient underwent a gastric resection the following day under general anesthesia. In spite of a similar hypotensive reaction an operation lasting five hours was completed successfully. As can be seen in Figure 3 ( ACTH was given intravenously regardless of the levels of the steroids at the end of the procedure. In one of these cases the postoperative 17-hydroxycorticosteroid level was 60 Ag per 100 ml. of plasma, a level compatible with maximal adrenal cortical stimulation. Interestingly enough, the administration of ACTH was associated with a further rise (up to 107 ug per 100 ml. of plasma) in the level of plasma 17-hydroxycorticosteroids; the magnitude of the rise was as great as that seen in the control curve in this patient or in normal unstressed individuals.
The effects of surgery on the blood levels produced by intravenously administered steroids Each of five surgical patients was given hydrocortisone intravenously on two occasions. A control injection was given at least one week before or four weeks after the operation. The same patients received hydrocortisone during or following their operation. On each occasion the plasma 17-hydroxycorticosteroid levels were measured for a period of 8 hours (Figure 6 ). In three patients (G, H and I) the levels of 17-hydroxycorticosteroids reached higher values and were maintained at higher levels after surgery than during the control periods. In two cases (J and K), the disappearance curves were not significantly different on the operative day than on the control day.
DISCUSSION
From the data presented here it appears that there are at least two factors associated with surgical procedures which affect the levels of adrenal steroids in the general circulation; induction of anesthesia and the actual handling of tissues. Spinal anesthesia had little effect on the plasma 17-hydroxycorticosteroid levels preoperatively, while general anesthesia produced a definite increase in most cases, even though the subsequent operation may have had little effect. The independence of these two effects is shown by the fact that the post-surgical rises were similar regardless of the type of anesthesia used.
The post-surgical rise would appear to be a continuation of the rise during surgery rather than a separate phenomenon. sues. Epinephrine apparently is not involved since the plasma 17-hydroxytorticosteroids fail to rise following its administration (9) .
The adrenals of.. these patients were certainly not maximally stimulated, since the administration of ACTH was associated with an additional rise above the high levels of 17-hydroxycorticosteroids induced by the surgical procedures. It is of interest that in a few patients the rate of rise of the steroid level, either when ACTH was given or in its absence, exceeded that which we have observed in surgical patients or in normal individuals receiving amounts 'of' ACTH which produce maximal rises in plasma 17-hydroxycorticosteroid levels under basal conditions. Thus, the data cannot be explained entirely by endogenous ACTH secretion. It must, therefore, be concluded that factors other than adrenal cortical stimulation play a part in raising the steroid concentrations during and subsequent to surgery. It follows that the removal of adrenal steroids from the circulation may be impaired. That this is a significant factor is suggested by the decreased rate of disappearance of injected hydrocortisone in three of the five patients in whom this type of study was performed during or immediately after surgery. There is evidence to suggest that the liver has an important role in these processes. Data concerning the importance of the liver in the metabolism of adrenal steroids is being presented in other papers of this series (18, 19) .
It should be emphasized, however, that these data do not exclude the possibility that the adrenal cortex is stimulated submaximally by the surgical trauma. Indeed, if the spontaneous post-surgical rises in plasma 17-hydroxycorticosteroid level were entirely due to impaired extra-adrenal metabolism and excretion of these compounds, we should have observed supramaximal rises regularly when ACTH was administered in the presence of an already elevated level. resulted only from a decreased rate of removal. Thus these data suggest a combined effect of increased production and decreased removal.
Although the increased plasma 17-hydroxycorticosteroids in the post-surgical period probably are metabolically active, whether the higher levels are due to increased adrenal secretion or impaired disposition, for the reasons considered in the introduction, our finding that surgical trauma is associated with an increase in the levels of circulating adrenal steroids does not necessarily indicate that the entire adrenal-like metabolic response to surgery is mediated by these rises. SUMMARY 1. The plasma levels of 17-hydroxycorticosteroids were determined in a group of surgical patients. They were found to be elevated following the induction of anesthesia and during and after surgery. Following surgery the increases were roughly proportional to the duration and severity of the operative procedure. This elevation usually persisted at least 6 hours following surgery.
2. In an attempt to measure adrenal cortical capacity, the changes in 17-hydroxycorticosteroid levels following intravenous administration of ACTH were determined in a group of patients preoperatively, and again shortly after surgery. Even when the post-operative levels of 17-hydroxycorticosteroids rose spontaneously to levels as high as those induced by ACTH in normals, the administration of ACTH was associated with an additional increment.
3. Some patients undergoing surgery did not metabolize intravenously administered hydrocortisone as rapidly after surgery as they did on control days.
4. The data seem most consistent with the hypothesis that the adrenal is submaximally stimulated by surgical trauma but that impaired disappearance of circulating steroid also contributes to the rises observed.
